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The Older the Broader”
lectrogram Characteristics
elp Identify the Critical Isthmus
uring Catheter Ablation of
ostinfarct Ventricular Tachycardia*
elmut U. Klein, MD,
ven Reek, MD
agdeburg, Germany
uring the past 10 years, significant progress has been
chieved in the treatment of supraventricular as well as
entricular tachycardia (VT) with radiofrequency (RF) cath-
ter ablation. In particular, RF catheter ablation became the
reatment of choice for atrioventricular-nodal re-entrant
achycardia, atrioventricular re-entry tachycardia, ectopic
trial tachycardia, atrial flutter, and idiopathic right or left
T. In contrast to a high success rate accomplished in the
forementioned tachycardias, ablation of atrial fibrillation
nd postinfarct VT is far less successful and still a matter of
See page 667
ntensive research. The reason for may be the heterogeneous
tructural abnormalities of the underlying tissue from which
he electrical abnormality originates, the lack of a fixed
natomic structure that is involved in the onset or mainte-
ance of a macro–re-entrant or micro–re-entrant circuit, the
ossibility of multiple tachycardia morphologies using dif-
erent exit or entry points within a large “arrhythmogenic”
rea and, most importantly, a continuous structural remod-
ling of the atrial or ventricular myocardium caused by the
nderlying disease process (1,2).
Postinfarction VTs arise in areas of fibrosis that contain
urviving myocardial strands, producing a “zig-zag” course
f activation leading to inhomogeneous anisotropy (3).
idden in the arrhythmogenic area is the common central
athway, the critical isthmus, causing slowing of impulse
onduction, allowing re-entry to occur. The isthmus itself
ay be surrounded by “dead ends” or branching of impulses
hat do not participate in the common pathway of the
eading re-entrant circuit and may be misinterpreted when
ecorded with roving mapping electrodes (4).
In the early studies of patients with postinfarct VT who
nderwent intraoperative “point-by-point” passive mapping
f endocardial and epicardial myocardium, bipolar electro-
*Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.t
From the Division of Cardiology, University Hospital Magdeburg, Magdeburg,
ermany.rams within the infarcted area demonstrated abnormally
roadened and fractionated electrograms as well as delayed
solated potentials and double potentials during sinus
hythm (5). They were considered as “arrhythmogenic,” and
y either removing or encircling them, it was hoped that
urgical techniques such as large endocardial resection
ould abolish VT (6,7).
With the introduction of catheter ablation for VT, new
apping strategies to identify the critical isthmus within or
t the border of the infarcted area were designed. The target
ite of ablation is identified by activation mapping and
timulation techniques using concealed entrainment criteria
n an area where mid-diastolic potentials are recorded (8).
his, however, requires induction of the “clinical” VT,
hich may not be inducible or give rise to many “nonclini-
al” VTs. Often, the induced VT is hemodynamically
nstable, and thorough activation mapping becomes impos-
ible. New computer-assisted mapping tools, such as the
hree-dimensional electroanatomic (CARTO, Biosense
ebster, Diamond Bar, California) (9) or the noncontact
apping system (EnSite 3000, Endocardial Solutions Inc.,
t. Paul, Minnesota) (10), have been developed to either
acilitate activation mapping or to create voltage maps to
elineate the arrhythmogenic substrate (i.e., the low-voltage
one during sinus rhythm looking for very low-amplitude
lectrograms, fractionation, and late potentials) (11). Ap-
lying linear lesions with RF energy along an identified
order between scar and normal voltage tissue or anatomic
oundaries encircles or isolates the critical arrhythmogenic
ubstrate (12). This approach is most promising, and
dentifying only abnormal electrograms during sinus rhythm
ithin the infarcted area may be more successful than
ophisticated entrainment mapping to pinpoint one or
ultiple critical isthmus spots of potential re-entrant cir-
uits. Activation mapping in postinfarct VT could probably
e replaced by “substrate” mapping.
The findings presented by Bogun et al. (13) in this
ssue of the Journal support the importance of electro-
raphic characteristics in patients with postinfarct VT.
ites with the broadest electrograms or isolated potentials
etected during sinus rhythm mapping were identical
ith the critical isthmus of the re-entrant circuit during
nduced VT. The application of RF energy was most
uccessful when delivered within the area of abnormal
lectrograms.
Most interesting in the study by Bogun et al. (13) was the
act that they found a significant positive correlation be-
ween infarct age and the duration of the broadest endocar-
ial electrograms (200 ms) during sinus rhythm mapping
n the peri-infarct zone. The older the infarct, the broader
he electrograms, the longer the delay between the electro-
ram and the isolated potentials. There was no correlation
ith left ventricular ejection fraction, number of old infarc-
ions, the infarct location, and the area of infarct size.
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Editorial Comment August 16, 2005:675–7owever, other hemodynamic parameters or ventricular
ilation parameters were not assessed. The authors explain
heir time-dependent findings by a continuous remodeling
rocess after the acute infarction event with gradual forma-
ion of areas with surviving myocardial strands separated by
brous tissue deposition. There are experimental data to
onfirm this (14), and clinical experience also tells us that
rowing time after myocardial infarction increases the
ikelihood of developing sustained VT or life-threatening
entricular tachyarrhythmias (15).
A word of caution is necessary not to oversimplify their
nteresting and important findings. In the report of Bogun et
l. (13), the time of first infarction to the time of the
lectrophysiologic study and ablation procedure ranged from 1
o 31 years, with a mean of 16 years after the index event. The
eported series included only 23 patients, but in 5 patients the
ime of infarction could not be determined, and 10 patients
ad a second infarction before the study. Is there a continuous
ninterrupted remodeling process over the years to come after
yocardial infarction, and when is the formation of the
rrhythmogenic substrate finished to originate a sustained VT?
f the formation of the arrhythmogenic substrate is time
ependent, how do we explain that some patients may develop
T after a few weeks, some after many years after myocardial
nfarction, whereas others will never experience VT episodes
lthough suffering from the same amount of ventricular dila-
ion and ventricular dysfunction?
Remodeling after myocardial infarction is a multiform
nd complex mechanism involving molecular and cellular
omponents, causing early and late changes in ventricular
ize, architecture, function, and electrical stability in in-
arcted but also noninfarcted areas (14). Experimental data
rom healing myocardial infarction are mostly derived from
arly postinfarct periods (15), and information on the late
enetic and molecular process that perpetuates remodeling
nd may cause arrhythmias is scarce (16,17).
The major limitation of the study is that we have no
nsight into the electrogram characteristics in patients with
imilar functional remodeling late after myocardial infarc-
ion who did not develop VT. They may have the same
lectrogram characteristics.
The specificity of the described electrogram changes is
nknown, and further studies with a larger patient cohort
re needed to prove the authors’ conclusion that the older
he myocardial infarction, the broader the potentially ar-
hythmic electrograms, and the easier it will be to use them
s target sites for ablation.
To widely apply the described technique of VT ablation
y targeting the sites of broadest electrograms during sinus
hythm, a generally accepted definition of electrogram
uration, fractionation, and isolated potentials is manda-
ory. Defined cut-off points of beginning and ending of
lectrograms as well as agreement on signal filtering, am-
litude, amplification, and sampling rate of bipolar signals
rom low voltage areas are needed.Because we did not learn from Bogun et al. (13) how many
road electrogram sites were ablated with RF energy until the
linical VT became uninducible, further studies are needed to
emonstrate if encircling the areas of broad electrograms with
inear lesions is sufficient or if each critical isthmus site must be
estroyed separately. If, however, broad electrograms are the
onsequence of a perpetuating remodeling process after myo-
ardial infarction, there is little hope that permanent suppres-
ion of VT may be achieved because new critical isthmus sites
ill arise unless the remodeling process can be stopped by other
pproaches such as drugs, revascularization, or non-
harmacologic techniques. Applying sophisticated entrain-
ent techniques andmapping the earliest breakthrough during
nduced VTmay become unnecessary in the future, if we target
he broadest electrograms within the low-voltage infarction
one during sinus rhythm (18). Applying efficient energy with
he appropriate electrode tool that is able to delineate and
estroy the most critical arrhythmogenic electrograms, either
ndocardially or epicardially, will certainly increase the success
ate of currently still unsatisfactory results of VT ablation.
Because structural remodeling is the basic underlying
echanism of both VT and atrial fibrillation, it is time to
ook for similar electrographic characteristics in patients
ith atrial fibrillation to improve results of extensive and
ime-consuming ablation procedures in patients with per-
istent or chronic atrial fibrillation (19).
eprint requests and correspondence: Dr. Helmut U. Klein,
ivision of Cardiology, University Hospital Magdeburg, Leipziger
trasse 44, 39120 Magdeburg, Germany. E-mail: Helmut.
lein@medizin.uni-magdeburg.de.
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